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(54) NONCONTACT IC CARD 

(57) A non-contact 10 card (1 . 2. 30, 50) includes a 
substrate (10), a coil (12, 32. 52, 57) provided on sub- 
strate (10), and an 10 chip (11. 31, 51) electrically con- 
nected to a coil (12, 32, 52, 57) and having a main 
surface (11c. 31c. 51e). IC chip has a terminal (11a. 
lib. 31a, 31b, 51a. 51 b. 51 c. 51 d) formed in main sur- 
face (11c. 31c. 51e). Coil (12. 32. 52. 57) has a coil 
inner end (12b, 32b, 52b. 57b) electrically connected to 
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a terminal (lib, 31b, 51b. 51d) and a coil outer end 
(12a. 32a. 52a. 57a) electrically connected to a terminal 
(11a, 31a, 51a, 57c). 10 chip (11. 31. 51) is provided 
above coil (12. 32. 52, 57) such that coil inner end (12b, 
32b. 52b. 57b) is positioned in vicinity of terminal (lib, 
31b, 51b. 51d) and coil outer end (12a, 32a. 52a. 57a) is 
positioned in vicinity of terminal (11a. 31a. 51a. 51c). 
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Description 
Technical Field 



[0001] The present invention generally relates to a s 
non-contact IC card. More specifically, the present 
invention relates to a non-contact type IC caixJ without a 
power supply source for transmission/reception of an 
electric signal to/from an external data processing 
apparatus by converting a radio wave received tjy a self- io 
contained antenna coil to electric power. 

Background Art 
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[0002] A non-contact type IC card has been pro 
posed and recently used which is provided with a semi- 
conductor integrated circuit device (IC) for storing 
information (data) and transmits^recelves information 
to^om an external data processing apparatus which 
utilizes or supplies the information in a non-contact 20 
state. 

[0003] Such non-contact type IC card is used, for 
example, as a pass of the ski lift, a commuter's pass for 
a train or bus, a tag for administration of inventory and 
the like, in an information management system. 25 
[0004] In the information management system 
using the non-contact IC card, information is transmitted 
by an electromagnetic wave (hereinafter referred to as 
an RF carrier). An external apparatus modulates the RF 
can'ier and transmits a command or information. The IC 30 
card is provided with a tuning circuit including a coil as 
an antenna for receiving tiie modified RF carrier and a 
capacitor. 

[0005] The IC card demodulates tiie modulated RF 
carrier transmitted by the external apparatus for obtain- 35 
ing tiie command or information and, changes an 
impedance of tiie tuning circuit by a signal representing 
information to be returned in a period during which RF 
can-ier is not modulated. The change in tiie impedance 
modulates the RF carrier. The external apparatus 4o 
receives and demodulates the modulated RF carrier to 
obtain information from the IC card. 
[0006] Preferably, tiie IC card can semi-eternally be 
used and tiiin. Thus, the IC card receives electric power 
from tiie RF carrier rather tiian having a power supply 4S 
source with a limited lifetime. 

[0007] Transmission of information and supply of 
electric power can be performed by tiie same RF car- 
rier. When transmission of Information and supply of 
electric power are performed by the same RF earner, so 
one tuning circuit is provided in the IC card. When ti-ans- 
mission of Information and supply of electric power are 
performed by different RF carriers, two tuning circuits 
are provided in the IC card. 

[0008] Rgs. 7 and 8 are diagrams showing conven- 55 
tional IC cards. Referring to Fig. 7, an IC card 100 is 
provided with an IC chip 1 11 , one tuning circuit 1 1 4, and 
a capacitor 115 for storing (smoothing) electric power 



obtained by an RF carri 
[0009] Tuning circuit 114 is connected to IC chip 
111. Tuning circuit 1 14 has a coil 1 12 as an antenna for 
receiving the RF can-ier, and a capacitor 113 for reso- 
nance connected In parallel with the coil. Capacitor 1 15 
is also connected to IC chip 111. 
[0010] In such IC card ICQ, information is transmit- 
ted and electric power is supplied from an external 
apparatus to tuning circuit 114 including a coil 112 and 
capacitor 113. The supplied electric power is stored in 
capacitor 1 15 through IC chip 111. 
[0011] Referring to Fig. 8. an IC card 200 is pro- 
vided with an IC chip 221. two tuning circuits 224 and 
229 and a capacitor 225 for storing (smootiiing) electric 
power obtained by an RF carrier. 
[0012] Tuning circuit 224 has a coil 222 as an 
antenna for receiving the RF carrier, and a capacitor 

223 for resonance connected in parallel with coil 222. 
Tuning circuit 224 is supplied witii electric power from 
an external apparatus by receiving the RF carrier. 
[0013] Tuning circuit 229 has a coil 227 as an 
antenna for receiving the RF can'ier. and a capacitor 
228 for resonance connected in parallel with coil 227. 
Coil 227 of tuning circuit 229 receives the RF earner for 
data transmissfon witii respect to the external appara- 
tus. 

[0014] Tuning circuits 224 and 229 and capacitor 
225 are connected to IC chip 221. When tuning circuit 

224 is SMpplied with electric power from the external 
apparatus, the electric power is stored in capacitor 225 
through IC chip 221. 

[0015] Fig. 9 is a plan view showing the IC card in 
Fig. 7, and Fig. 10 is a cross sectional view taken along 
the line B-B in Fig. 9. Referring to Figs. 9 and 10. IC 
card 100 is provided with a substrate 110, a coil 1 12^ an 
IC chip 1 1 1 as a semiconductor device and capacitors 
1 13 and 1 15. Coil 1 12 of a conductor is formed on sub- 
strate 1 1 0. Coil 1 12 has a coil outer end 1 12a and a coil 
inner end 112b. 

[0016] IC chip 111 as a semiconductor device is 
formed above substrate 110. IC chip 111 has a main 
surface 111c lacing substrate 110. Main surface 111c 
has terminals 1 1 la and 1 1 1b. Terminal 1 1 la is electri- 
cally connected to coil outer end 1 1 2a Terminal 1 1 1 b is 
electrically connected to a coil Inner end 1 12b which is 
on ttie inner side 1 12c off the coil by an interconnection 
153 via through holes 151 and 152 formed in substrate 
110. 

[0017] IC chip 111 is electrically connected to 
capacitors 113 and 115 which are on the outer side 
1 12d of tfie coil by an interconnection 157. A thin plate 
of resin (not shown) Is formed on substrate 1 1 0 to cover 
coil 112. IC chip 111, capacitors 113 and 115 and tiie 
like. It is noted that inner or outer ends of two coils 222 
and 227 are connected to a terminal of IC chip 221 via 
a through hole formed in the substrate and a back sur- 
fece of the substrate also in IC card 220 having two tun- 
ing circuits 224 and 229 shown in Fig. 8. 
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[0018] (n IC card 100 hl^^pthe above described 
structure, terminal 111b and coil inner end 112b are 
electrically connected by interconnection 153 via 
through holes 151 and 152. Thus, interconnection 153 
is not brought into contact with coil 112 except at coil 5 
outer end 1 12b or with capacitors 113 and 115. There- 
fore, a problew associated with a short-circuit is pre- 
vented. 

[001 9] However, such IC card 1 00 requires a step of 
forming through holes 151 and 152 and a step of form- 10 
ing interconnection 153 on the surface opposite to that 
at which coil 1 12 and IC chip 1 1 1 are formed. Further, a 
step of filling through holes 151 and 152 with metal for 
interconnection tiy vapor deposition is required. This 
makes a manufacturing process complicated and unde- is 
sirabte in terms of efficiency and cost. 
[0020] As IC card 100 is thin and flexible, intercon- 
nection 153 is likely to be broken in through holes 151 
and 152, thereby causing malfunction. 
[0021] It is noted that although IC chip 1 1 1 is pro- 20 
vided on the outer side 112d of the coil in IC card 100 
shown in Fig. 9. IC chip 111 may be provided on the 
inner side 1 12c of the coil. However, also in this case, a 
through hole must be formed to electrically connect coil 
outer end 1 12a and terminal 1 1 la of IC chip 1 1 1 . As a 2s 
result, the problem associated with the complicated 
manufacturing process and malfunction is caused. 
[0022] To solve these problems, main surface 111c 
of IC chip 111 with terminals 111a and 111b may be 
formed as an upside in Fig. 10, where terminals 111a 30 
and 111b are electrically connected to coil outer and 
inner ends 112a and 112b by bonding wires, respec- 
tively. Such structure eliminates the need for a through 
hole and the manufacturing process is not complicated. 
[0023] However, the bonding wire electrically con- 3S 
necting terminal 111b and coil inner end 1 12b crosses 
over coil 112, and therefore the bonding wire may be 
brought into contact with coil 1 12 and causes malfunc- 
tion. Further, as a length of the bonding wire connecting 
terminal 111b and coil inner end 1 12b is large, external 40 
force may break the wire to cause malfunction. 
[0024] Therefore, the present invention is made to 
solve the aforementioned problems. An object of the 
present invention is to provide a non-contact IC card 
which can readily be manufactured and is capable of 4s 
preventing malfunction. 

Disclosure of the Invention 

[0025] A non-contact IC card according to the so 
present invention is provided with a substrate, a con- 
ductive layer provided on the substrate to form a coil, 
and a semiconductor device electrically connected to 
the conductive layer and having a main surface. The 
semiconductor device has first and second terminals ss 
formed in the main surface. The conductive layer has a 
coil inner end electrically connected to the first terminal 
and a coil outer end electrically connected to the sec- 




ond terminal. The HMIconductor device is formed 
above the conductive layer such that the coil inner end 
is positioned in vicinity of the first terminal and the coil 
outer end is positioned in vicinity of the second terminal. 
[0026] In the non-contact IC card having the above 
described structure, as the coil inner end is positioned 
in vicinity of the first terminal and the coil outer end is 
positioned in vicinity of the second terminal, a contact 
hole is not required for electrically connecting tiie end of 
the coil and the terminal of the semiconductor device as 
in tiie conventional case. Thus, the manufacture is facil- 
itated and breakage of a wire is prevented. In addition, 
as the coil inner end is positioned in vicinity of a first ter- 
minal and a coil outer end is positioned in vicinity of the 
second terminal, even when the terminal and the end 
are connected by a bonding wire, the length of the 
bonding wire is small. As a result, breakage of the wire 
and contact of tiie bonding wire with the coil are pre- 
vented. Therefbre. a non-contact IC card capable of 
preventing malfunction is provided. 
[0027] Preferably, the semiconductor device is pro- 
vided at>ove the corxjuctive layer such that the first ter- 
minal is positioned above the coil inner end and the 
second terminal is positioned above the coil outer end. 
Preferably, the semiconductor device is positioned to 
cover a portion of tiie conductive layer. 
[0028] Preferably, the main surface of the semicon- 
ductor device has first and second corners, where .the 
first and second terminals are respectively formed at the 
first arxJ second corners. In this case, tiie conductive 
layer of the coil can be formed between the first and 
second corners. Then, the number of turns of the coil 
increases and, even when an intensity of an RF can'ier 
is low. a signal or electric power c£ui surely be ot)tained 
by tiie RF carrier. 

[0029] Preferat)ly, the first and second corners are 
spaced by a distance on an imaginary diagonal line on 
the main surface. In this case, the distance between the 
first and second corners is further increased so that the 
number of turns of the coil further increases. 
[0030] The main surface of the semiconductor 
device with the first and second terminals may face the 
conductive layer. Preferably, the first terminal and the 
coil inner end are elecfa'ically connected by a solder and 
tiie second terminal and the coil outer end are also elec- 
trically connected by a solder. Preferak)ly, each of the 
first and second terminals is in a bump shape. In this 
case, it is ensured that the first terminal and coil inner 
end are connected by a solder and the second terminal 
and the coil outer end are connected by a sokJer. As a 
result, tiie prot>lem associated with breakage of the wire 
or short-circuit is not caused, so that malfunction is pre- 
vented. 

[0031] The surface opposite to the main surface of 
the semiconductor device with the first and second ter- 
minals may face tiie conductive layer. Preferak>ly, tiie 
first terminal and the coil inner end are electrically con- 
nected by a conducting line, and the second terminal 
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and the coil outer end are electnBlBy connected by the 
conducting line. In this case, it is ensured that the first 
terminal and the coil inner end are connected by the 
conducting line and the second terminal and the coil 
outer end are also connected by the conducting line. A 
length of the conducting line is smaller As a result, the 
problem associated with connecting failure or short-cir- 
cuit is not caused, so that malfunction is prevented. 
[0032] Preferably, the semiconductor device and 
the coil inner end of the conductive layer are electrically 
connected by a composite material Including an insula- 
tor in which a plurality of conductors are formed in one 
direction. The semiconductor device and the cdl outer 
end of the conductive layer are electrically connected by 
the composite material. 

[0033] Preferably, the non-contact IC card is pro- 
vided above the substrate and further includes a capac- 
itor connected to the semiconductor device. 
[0034] Preferably, the conductive layer forms a plu- 
rality of coils. 

Brief Description of the Drawings 
[0035] 

Fig. 1 is a plan view showing an IC card according 
to first and second embodiments of the present 

invention. 

Fig. 2 is a cross sectional view taken along the line 
A-A of the IC card of the first embodiment shown in 
Fig. 1. 

Fig. 3 is a cross sectional view taken along the line 
A-A of the IC card of the second embodiment 
shown in Fig. 1 . 

Fig. 4 is a perspective view showing a composite 
material according to the second embodiment. 
Fig. 5 is a plan view showing an IC card according 
to the third embodiment of the present invention. 
Fig. 6 is a plan view showing an IC card according 
to the fourth embodiment of the present invention. 
Fig. 7 is a schematic diagram showing an IC card 
having one tuning circuit. 

Fig. 8 is a schematic diagram showing an IC card 
having two tuning circuits. 
Fig. 9 is a plan view showing the IC card shown in 
Fig. 7. 

Fig. 1 0 is a cross sectional view taken along the tine 
B-B in Rg. 9. 

Best Mode for Carrying Out the Invention 

[0036] Now, the best mode for carrying out the 
invention will be described with reference to the draw- 
ings. 

First Embodiment 

[0037] Refemng to Fig. ijn a non-contact IC card 
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1 according to the fir^||libodiment of the present 
invention, one tuning circuit transmits information and 
receives electric power. IC card 1 is provided with a sub- 
strate 10, a non-contact IC chip 11 as a semiconductor 
5 device provided above substrate 10, a coil 12 provided 
on substrate 1 0 and electrically connected to IC chip 1 1 . 
and capacitors 13 and 15 electrically connected to IC 
chip 11. 

[0038] Substrate 10 is approximately rectangular in 
10 shape and a coll 12 including a spirally wourxJ conduc- 
tor is formed on substrate 10. Coil 12 serves as an 
antenna for receiving an RF carrier transmitted from an 
external apparatus. Coil 1 2 has a coil outer end 1 2a and 
a coil inner end 12b. 
15 [0039] IC chip 1 1 is formed above substrate 10 and 
coil 12. IC chip 1 1 covers a portion of coil 12. IC chip 1 1 
has a main surface 1 1c facing substrate 10. Main sur- 
face 11c has corners lid, lie. Ilfandllg. Corner lid 
as the first corner and corner 1 1 e as the second corner 
20 are spaced by a distance on an imaginary diagonal line 
of main surface 11c. 

[0040] A terminal 1 1 b as tiie first terminal is formed 
at corner 1 1g. A terminal 1 la as the second terminal is 
formed at corner 11e. Terminals 11h, lli. lij and 11k 

25 are formed In main surface 1 1c. IC chip 1 1 is positioned 
such that terminal 11a is positioned in vicinity of coil 
outer end 12a and terminal 1 lb is positioned in vicinity 
of coil inner end 12b. Terminal 11a and coil outer end 
12a are electrically connected and terminal 1 lb and coll 

30 Inner end 1 2b are electrically connected. 

[0041] A capacitor 13 for resonance is provided on 
the outer side 12d of coil 12 to be electrically connected 
to terminals 11h and 111 of IC chip 11 by interconnec- 
tions 13a and 13b. A capacitor 15 for storing (smooth- 

35 ing) electric power is formed on tiie inner side 12c of ihe 
coil to be electrically connected to terminals 1 1 j and 1 1 k 
of IC chip 1 1 by interconnections 15a and 15b. 
[0042] Referring to Fig. 2, coil 12 is provided on 
substrate 10, having coil outer end 12a and coil inner 

40 end 1 2b which are spaced by a distance. Coil outer end 
12a is electrically connected to terminal 1 la in a bump 
shape by a solder 1 6. Coil inner end 1 2b is connected to 
terminal lib in a bump shape by solder 16. Terminals- 
1 1 a and 1 1 b are provided on IC chip 1 1 . Accordingly, IC 

45 chip 1 1 is fixed to substi'ate 1 0 by solder 1 6. 

[0043] Thus. IC chip 11 is fixed to substrate 10 by 
solder 16. and a space is formed between IC chip 11 
and substrate 10, in which coil 12 is an-anged. Conse- 
quently, IC chip 1 1 is prevented from being brought into 

50 contact with coil 12 otiier tiian coil outer end 12a and 
coil Inner end 12b. 

[0044] It is noted ttiat, while not shown, metal 
bumps are also formed as terminals 1 1 h, 1 1 i, 1 1 j and 
11k of IC chip 11 connected to capacitors 13 and 15. 
55 These bumps are formed on substi-ate 10 and fixed to 
interconnections 13a. 13b. 15a and 15b connected to 
capacitors 1 3 and 15 by solders. Such IC chip 1 1 , which 
is fixed to substrate 10 by bumps formed as terminals 
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and having main surface 1 1 the terminals facing 
substrate 10. is generally called a flip chip. 
[0045] As is apparent from Figs. 1 and 2, IC chip 1 
having the above described structure does not have a 
contact hole. Thus, the manufacturing process is not 
complicated. Terminal 11a of IC chip 10 is provided in 
vicinity of coil outer end 11a and terminal lib is pro- 
vided in vicinity of coil inner end 12b. Terminal 11a and 
coil outer end 12a are electrically connected by a solder 
and terminal lib and coil inner end 12b are also con- 
nected by a solder. As a result, as compared with the 
case where long bonding wires are used for connection, 
the problem associated with connecting failure or short- 
circuit is not caused, so that malfunction is prevented. 

Second Eml^odiment 

[0046] As shown in Figs. 1 and 3, a non-contact IC 
card 2 acoorcfing to the second embodiment is different 
from IC card 1 according to the first embodiment in that 
an insulating film 18 is formed on main surface 1 1c of IC 
chip 1 1 and IC chip 1 1 and substrate 10 are connected 
by an anisotropic conducting adhesive film 19 as a com- 
posite material. 

[0047] Insulating film 18 covers a portion of main 
surface 11c on which terminals 11a and lib are not 
formed. Anisotropic conducting adhesive film 19 is pro- 
vided to be in contact with insulating film 1 8. Anisotropic 
conducting adhesive film 19 has an insulating portion 
19b as an insulator and a conductive portion 19a as a 
conductor formed in insulating portion 19b In one direc- 
tion. Coil outer end 1 2a and terminal 1 1 a are electrically 
connected by conductive portion 19a. Coil inner end 
12b and terminal 1 lb are electrically connected by con- 
ductive portion 19a. 

[0048] Anisotropic conducting adhesive film 19 is 
conductive only in a direction of thickness (in a direction 
parallel witii a sheet of Fig. 3). Although conductive por- 
tion 19a is in contact with coll 12 at portions other than 
coil outer end 12a and coil inner end 12b, since insulat- 
ing film 1 8 is formed on main surface 1 1 c of IC chip 1 1 , 
the portion of coil 12 other than coil outer end 12a and 
coil inner end 12b is not electrically connected to IC chip 
11. In addition, interconnections 13a, 13b, 15a and 15b 
are electrically connected to terminals 1 1 h, 1 1 i, 1 1 j and 
11k of IC chip 11 by anisotropic conducting adhesive 
film 19. 

[0049] Referring to Fig. 4, anisotropic conducting 
adhesive film 19 includes conductive portion 19a and 
insulating portion 19b surrounding conductive portion 
19a and having a stickiness. Insulating portion 19b 
includes a soft resin or rubber material having a sticki- 
ness and an insulating property. Conductive portion 19a 
is obtained by mixing powder of a conductive material, 
such as metal or carbon, with a material similar to that 
of insulating portion 19b. and shaping rt into a very thin 
fiber form. A plurality of conductive portions 19a are 
formed spaced apart in the direction of thickness. 
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[0050] The IC c9liFhaving the above described 
structure produces an effect similar to tiiat of IC card 1 
described in the first embodiment. Further, as IC chip 1 1 
is in contact with anisotropic conducting adhesive film 
5 19 over a large area and anisotropic conducting adhe- 
sive film 19 is also in contact with substrate 10 over a 
large area, it is ensured that IC chip 1 1 is f i^ to sub- 
strate 10. 

10 Third Embodiment 

[0051] Referring to Fig. 5. in a non-contact IC card 
30 according to the third embodiment of the present 
invention, one tuning circuit transmits information and 

IS receives electric power. IC card 30 includes: a substrate 
10; a coil 32 as an antenna receiving an RF carrier 
transmitted by an external apparatus and provided on 
substrate 10; a non-contact IC chip 31 as a semicon- 
ductor device provided atxive substrate 10 and coil 32 

20 and electrically connected to coil 32; and capadtors 33 
and 35 electrically connected to IC chip 31 . 
[0052] Spirally wound coil 32 includes a conductor. 
Coil 32 has a coil outer end 32a and a coil inner end 
32b. IC chip 31 as a semiconductor device is provided 

25 above substrate 1 0 and coll 32. 

[0053] IC chip 31 has a main surface 31c. A surface 
opposite to main surface 31c faces substrate 10. Main 
surface 31c has four corners 31d, 31e, 31f and 31g. 
Corner 31 g as the first corner and corner 31 e as. the 

30 second corner are spaced by a distance on an Imagi- 
nary diagonal line of main surface 31c. The imaginary 
diagonal line connecting corners 31 g and 31 e and the 
direction in which coil 32 extends below IC chip 31 are 
orthogonal to each other. A terminal 31b as the first ter- 

35 minal is formed at first corner 31 g. A terminal 31 a as the 
second terminal is formed at second corner 31 e. Termi- 
nals 31 h, 31 i. 31 j and 31k are formed on main surfece 
31c. ^ 
[0054] Ti^minal 31a is positioned above and in 

40 vicinity of coil outer end 32a. Terminal 31a and coil outer 
end 32a are electrically connected by a bonding wire 
40. 

[0055] Terminal 31b is positioned above and in 
vicinity of coil inner end 32b. Terminal 31b and coil inner 
45 end 32b are electrically connected by a bonding wire 
41. 

[0056] A capacitor 33 for resonance is provided 
above substrate 1 0 and on the outer side 32d of tine coil. 
Capacitor 33 is electrically connected to terminals 31 h 
so and 31 i of IC chip 31 by bonding wires 42 and 43 and 
interconnections 33a and 33b. 

[0057] A capacitor 35 for storing (smoothing) elec- 
tric power is formed above substrate 1 0 and on the inner 
side 32c of tiie coil. Capacitor 35 is electrically con- 
55 nected to terminals 31 j and 31 k of IC chip 31 by tX)rKling 
wires 49 and 45 and interconnections 35a arKi 35b. 
[0058] As IC card 30 having the above described 
structure does not have a contact hole, the manufactur- 
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ing process is not complicated. TTWcJdition, as the con- 
tact hole is not formed, the problem associated with 
breakage of a conducting line in the contact hole is not 
caused. Terminal 31a is provided in vicinity of coil outer 
end 32a and terminal 31b Is provided in vicinity of coil 
inner end 32b. so that terminal 31a and coil outer end 
32a can be electrically connected by a short bonding 
wire 40 and terminal 31b and coil inner end 32b can be 
electrically connected by short bonding wire 41 . Conse- 
quently, it is unlikely that bonding wires 40 and 41 are 
brought into contact with the portion of coil 32 other than 
coil outer end 32a and coil inner end 32b, so that the 
problem associated with a short-circuit or the like is not 
caused. In addition, as bonding wires 40 and 41 are 
short, breakage thereof is not caused even if the exter- 
nal force is applied. As a result, malfunction is pre- 
vented. Further, as the imaginary diagonal line 
connecting corners 31g and 31e and the direction in 
which coils 32 extend below IC chip 31 are orthogonal 
to each other, a number of coils 32 can be provkled 
between terminals 31a and 31b. In other words, such 
structure allows increase in the number of turns of the 
coil and transmission distance of the RF carrier. It is 
noted that capacitors 33 and 35 and chip 31 may be 
connected only by bonding wires 42, 43, 44, and 45 
without using interconnections 33a, 33b, 35a and 35b. 

Fourth Embodiment 

[0059] Referring to Fig. 6. in a non-contact IC card 
50 according to the fourth embodiment of the present 
invention, one turning circuit transmits information and 
the other turning circuit receives electric power. IC card 
50 includes: a substrate 10; coils 52 and 57 provided on 
substrate 1 0; an IC chip 51 provided above substrate 1 0 
and coils 52 and 57 and electrically connected to coils 
52 and 57; capacitors 53 and 58 for resonance; and a 
capacitor 55 for storing (smoothing) electric power. 
[0060] Coil 52 as an antenna for receiving an RF 
can-ier is formed on substrate 10. Coll 52 includes a spi- 
rally wound conductor. Coil 52 has a coil outer end 52a 
and coil inner end 52b. 

[0061] Coil 57 as an antenna for receiving the RF 
carrier is formed on substrate 10. Coil 57 includes a spi- 
rally wound conductor. Coil 57 has a coil outer end 57a 
and a coil inner end 57b. 

[0062] Coils 52 and 57 are wound in the same 
direction. Coils 52 and 57 are respectively used for 
transmission of information and electric power supply In 
other words, If coil 52 is to receive information from the 
RF carrier transmitted by an external apparatus, coil 57 
receives electric power from the RF carrier transmitted 
by the external apparatus. Conversely, coil 57 may 
receive information, whereas coil 52 receives electric 
power. 

[0063] IC chip 51 as a semiconductor is formed 
above substrate 10 and coils 52 and 57. IC chip 51 has 
a main surface 51 e. A surface opposite to main surface 
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51 e faces substrate 1o!^|P{i surface 51 e has four cor- 
nersSIf, 51g, 51hand51i. IC chip 51 is positioned such 
that an imaginary diagonal line connecting corners 51 g 
and 51 i and the direction in which coils 52 and 57 
extend below IC chip 51 are orthogonal to each other. 
[0064] A terminal 51a is formed at corner 51 f. Ter- 
minal 51a is positioned above and in vicinity of coil outer 
end 52a. Coil outer end 52a and terminal 51 are electri- 
cally connected by a bonding wire 60. 
10 [0065] A terminal 51b is provided between corners 
51 g and 51 h. Terminal 51b is provided above and in 
vicinity of coil inner end 52b. Terminal 51b and coil inner 
end 52b are electrically connected by a bonding wire 
61. 

15 [0066] A terminal 51c is provided at corner 51 h. 
Terminal 51c is positioned above and In vicinity of coil 
outer end 51a. Terminal 51c and coil outer end 57a are 
electrically connected by a bonding wire 62. 
[0067] A terminal 51 d is provided between corners 

20 51 i and 51f. Terminal 51 d is positioned above and in 
vicinity of coil inner end 57b. Terminal 51 d and coil inner 
end 57b are electrically connected by a bonding wire 
63. Main surface 51 e is provided with terminals 51 j. 5ik. 
51m, 51n, 51pand 51q. 

25 [0068] Capacitor 53 for resonance is provided on 
the inner side 52c of the coil. Capacitor 53 is electrically 
connected to terminals 51m and 51 n of IC chip, 51 by 
interconnections 53a and 53b and bonding wires 66 and 
67. In addition, a capacitor 55 for storing (smoothing) 

30 electric power is provided on the inner side 52c of coll 
52. Capacitor 55 is electrically connected to terminals 
51 j and 51k of IC chip 51 by interconnections 55a and 
55b and bonding wires 64 and 65. A capacitor 58 for 
resonance is provided on the inner side 57c of the coil. 

35 Capacitor 58 is electrically connected to terminals 51 p 
and 51q of IC chip 51 by bonding wires 68 and 69 and 
interconnections 58a and 58b. 

[0069] In IC card 50 having the above described 
structure, a contact hole is not formed and a long bond- 

40 ing wire is not provided. Thus, the problem associated 
with the oonrplicated manufacturing process or malfunc- 
tion is not caused. Further, as the imaginary diagonal 
line connecting corners 51 g and 51 i and the direction in 
which coils 52 and 57 extend below IC chip 51 are 

45 orthogonal to each other, a number off conductive layers 
can be formed below IC chip 51 and two coils 52 and 57 
may be provided. 

[0070] Terminals 51b and 5ld are provided 
between corners, that is, at the intermediate portion of 

50 the side of IC chip 51. TTiis is because terminals 51m, 
51n. 51p and 51q are provided at corners 51g and 51i 
to reduce the length of the bonding wire connecting 
capacitors 53 and 58 and terminals 51m, 51 n, 51 p and 
51q. As described above, bonding wires 61 and 63 are 

55 reduced In length by arranging coll inner ends 52b and 
57b in vicinity of terminals 51b and 51d even when ter- 
minals 51b and 51d are provided at the intermediate 
portion of the side. 
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[0071 ] It is noted that nd11|^act IC cards 1 , 2, 30 
and 50 according to the above described four ennbodi- 
ments are all produced by sandwiching the substrate 
having the IC chip, capacitor and the like with thin plates 
of resin. IC cards 1 » 2. 30 and 50 are flexible and may be 5 
deflected by the external force. However, as a through 
hole is not formed in substrate 10. breakage of a con- 
ducting line in the through hole and connecting feilure 
are prevented. 

[0072] Instead of sandwiching substrate 1 0 with the 10 
thin plates of resin, the thin plate of resin per se may be 
used as a substrate, on which a coil. IC chip, capacitor 
and the like are provided, and then another thin plate of 
resin is applied thereto. In such a structure, an intercon- 
nection is not exposed as there is no through hole, is 
Therefore, breakage of an interconnection by a friction 
is not caused. 

[0073] The IC chip needs not necessarily reach the 

inner and outer sides of the coil. An IC chip which is 2. 

smaller than a coil width (a width of the coil from the 20 

inner end to the outer end of the coil) may be provided 

akx)ve a coil. In this case, a surface opposite to that of 

the IC chip with the terminal faces the conductive layer 

as the IC chip is above the coil, and bath erKis of the coil 

and both ends of the IC chip are connected by t»onding 25 

wires as described in the third and fourth embodiments. 

In this case, the length of the bonding wire can also be 

reduced. 3. 

[0074] In the above described embodiments, a coil 

is rectangular in shape and the capacitor is arranged on 30 

the inner side of the coil. However, the shape of the coil 

and the arrangement of the capacitor are not limited to 

this, and various shapes and an^ngements may be 4. 

employed. For example, the coil may be circular in 

shape. In addition, ail capadtors may be arranged on 35 

the outer side of the coil. 

lndustri£U Applicability 

[0075] The non-contact type IC card of the present 40 
invention is used as a card capable of verifying and 5. 
updating data in a non-contact state with respect to an 
external data processing apparatus. More specifically, it 
is used for example as a pass of the ski Lift, a com- 
muter*s pass for a train or bus, a tag for administration of 4s 
inventory and the like. 

6. 

Claims 



lina^T 1 b, t 



1. A non-contact IC card, comprising: 



so 



a substrate (10); 

a conductive layer (12, 32, 52, 57) provided on 
said substrate (10) and forming a coil; and 
a semiconductor device (11,31. 51) electrically ss 
connected to said conductive layer (12. 32. 52. 
57) and having a main surface (11c, 31c, 51 e), 
said semiconductor device (1 1 , 31 , 51) having 



a first termirffl^lb, 31b, 51b, Sid) and a sec- 
ond terminal (11a. 31a, 51a. 51c) formed in 
said main surface (1 1c. 31c. 51 e). 
said conductive layer (12. 32. 52, 57) having a 
coil inner end (12b. 32b. 52b, 57b) electrically 
connected to said first terminal (1 lb. 31b, 51b, 
5ld) and a coil outer end (12a, 32a. 52a, 57a) 
electrically connected to said second terminal 
(11a, 31a. 51a. 51c), and 
said semiconductor device (11, 31, 51) being 
provided above said conductive layer (12, 32, 
52. 57) such that said coil inner end (12b, 32b. 
52, 57b) is positioned in vicinity of said first ter- 
minal (lib. 31b. 51b. 51d) and said coil outer 
end (12a. 32a, 52b. 57a) is positioned in vicin- 
ity of said second terminal (11a, 31a. 51a, 
51c). 

The non-contact IC card according to claim 1, 
wherein said semiconductor device (11, 31, 51) is 
provided above said conductive layer (12, 32, 52. 
57) such that said first terminal (lib. 31b, 51b. 51d) 
is positioned above said coil inner end (12b> 32b. 
52b, 57b) and said second terminal (1 la. 31a, 51a, 
51c) is positioned above said coil outer end (12a, 
32a. 52a. 57a). 

The non-contact IC card according to claim 1, 
wherein said semiconductor device (11, 31, 51) is 
positioned to cover a portion of sakJ conductive 
layer (12. 32. 52,57). 

The non-contact IC card according to claim 3. 
wherein said main surface (1 1c. 31c) of said semi- 
conductor device (11, 31) includes a first corner 
(11g, 31g) and a second corner (lie, 31 e), said 
first terminal (1 1 b. 3 1 b) Is formed at said first corner 
(11g, 31g) and said second terminal (11a. 31a) is 
formed at said second corner (lie. 31 e). 

The non-contact IC card according to claim 4, 
wherein said first corner (11g. 31g) and said sec- 
ond corner (1 1e. 31e) are spaced by a distance on 
an imaginary diagonal line on said main surface 
(11c, 31c). 

The non-contact IC card according to claim 1, 
wherein said main surface (11c) of said semicon- 
ductor device (11) having said first terminal (lib) 
and said second terminal (11a) ^ces said conduc- 
tive layer (12). 

The non-contact tC card according to claim 6, 
wherein said first terminal (1 lb) and said coil inner 
end (12b) are electrically connected by a sokJer 
(16), and said second terminal (1 la) and said coil 
outer end (12a) are electrically connected by a sol- 
der (16). 
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10. 



The non-contact IC card ^BBBrding to claim 7. 
wherein each of said first terminal (lib) and said 
second terminal (1 la) is in a bump shape. 

The non-contact IC card according to claim 1, 
wherein a surface opposite to said main surface 
(31c. 51 e) of said semiconductor device (31, 51) 
having said first terminal (31b, 51b. 51d) and said 
second terminal (31a, 51a. 51c) faces said conduc- 
tive layer (32, 52, 57). 

The non-contact IC card according to claim 9, 
wherein said first terminal (31b, 51b, 51d) and said 
coil inner end (32b, 52b. 57b) are electrically con- 
nected by a conducting line (41, 61, 63), and said 
second terminal (31a. 51a, 51c) and said coil outer 
end (32a, 52a. 57a) are electrically connected by a 
conducting line (40, 60, 62). 



11. The non-contact IC card according to claim 1. 
wherein said semiconductor device (11) and said 
coil inner end (1 2b) of said conductive layer (1 2) are 
electrically connected by a composite material (19) 
including an insulator (igb) having a plurality of 
conductors (19a) formed in one direction, and sem- 
iconductor device (1 1) and said coil outer end (12a) 
of said conductive layer (12) are electrically con- 
nected by said composite material (19). 

12- The non-contact IC card according to claim 1, fur- 
ther comprising a capacitor (13, 15, 33, 35, 53. 55. 
58) provided above said substrate (10) and con- 
nected to said semiconductor device (11.31. 51). 

13. The non-contact IC card according to claim 1, 
wherein said conductive layer (52, 57) forms a plu- 
rality of coils. 

Amended claims under Art 19.1 POT 

1. (Amended) A non-contact IC card, comprising: 
a substrate (10); 

a conductive layer (12, 32, 52. 57) provided 
above said substrate (10) and forming a coil; 
and 

a semiconductor device (1 1 , 31 . 51) electrically 
connected to said conductive layer (12. 32, 52, 
57) and having a main surface (1 1c 31c, 51 e), 
said semiconductor device (11, 31, 51) having 
a first terminal (lib, 31b, 51b. 51d) and a sec- 
ond terminal (11a, 31a. 51a. 51c) formed on 
said main surface (1 1c 31c, 51 e). 
said conductive layer (12, 32, 52, 57) having a 
coil inner end (12b, 32b, 52b, 57b) electrically 
connected to said first terminal (lib, 31b, 51b, 
51d) and a coil outer end (12a, 32a, 52a, 57a) 
electrically connected to said second terminal 
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said semiconductor device (11, 31, 51) being 
provided above said conductive layer (12, 32, 
52, 57) such that said coil inner end (12b, 32b. 
52b, 57b) is positioned in vicinity of said first 
terminal (11b, 31b. 51b. 51d) and said coil 
outer end (12a, 32a, 52a, 57a) is positioned in 
vicinity of said second terminal (11a. 31a. 51 a, 
51c), 

said semiconductor device (11. 31. 51) being 
positioned to cover a portion of said conductive 
layer (12. 32.52. 57), 

said main surface (11c, 31c) of said semicon- 
ductor device (11, 31) including a first corner 
(1 1 g. 31 g) and a second corner (1 1 e, 31 e). and 
said first terminal (lib. 31b) being formed at 
said first corner (1 1 g. 31 g) and said second ter- 
minal (11a, 31a) being formed at said second 
corner (lie, 31 e). 



2. The non-contact IC card according to claim 1, 
wherein said semiconductor device (11. 31. 51) is 
provided above said conductive layer (12, 32, 52. 
57) such that said first ternninal (1 lb, 31b, 51b, 51 d) 
is positioned above said coil inner end (12b, 32b, 
52b, 57b) and said second terminal (1 la 31a, 51a. 
51c) is positioned above said coil outer end (12a. 
32a, 52a, 57a). 

3. (Deleted) 

4. (Deleted) 

5. (Amended) The non-contact IC card according to 
daim 1, wherein said first corner (11g, 31g) and 
said second corner (1 1e, 31 e) are spaced by a dis- 
tance on an imaginary diagonal line on said main 
surface (lie, 31c). 

6. The non-contact IC card according to claim 1, 
wherein said main surface (11c) of said semicon- 
ductor device (11) having said first terminal (11b) 
and said second terminal (1 la) faces said conduc- 
tive layer (12). 

7. The non-contact IC card according to claim 6, 
wherein said first terminal (1 lb) and said coil inner 
end (12b) are electrically connected by a solder 
(16), and said second terminal (11a) and said coil 
outer end (12a) are electrically connected by a sol- 
der (16). 

8. The non-contact IC card according to claim 7, 
wherein each of said first terminal (lib) and said 
second terminal (1 la) is in a bump shape. 

9. The non-contact IC card according to claim 1. 
wherein a surface opposite to said main surface 
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(31c. 51 e) of said semi|||Ptictor device (31. 51) 
having said first terminal (31b, 51b, 51 d) and said 
second terminal (31a. 51a, 51c) faces said conduc- 
tive layer (32, 52. 57). 

5 

10. The non-contact IC card according to claim 9. 
wherein said first terminal (31b. 51b. 51d) and said 
coil inner end (32b. 52b. 57b) are electrically con- 
nected by a conducting line (41 . 61 . 63). and said 
second terminal (31a. 51a. 51c) and said coil outer io 
end (32a, 52a, 57a) are electrically connected by a 
conducting line (40, 60, 62). 

11. The non-contact IC card according to claim 1, 
wherein said semiconductor device (11) and said is 
coil inner end (1 2b) of said conductive layer (12) are 
electrically connected by a composite material (19) 
including an insulator (igb) having a plurality of 
conductors (19a) formed in one direction, and sem- 
iconductor device (1 1 ) and said coil outer end (1 2b) 20 
of said conductive layer (12) are electrically con- 
nected by said composite material (19). 

12. The non-contact IC card according to claim 1, 
further comprising a capacitor (13, 15, 33. 35, 53. 25 
55. 58) provided above said substrate (10) and con- 
nected to said semiconductor device (1 1 , 31 . 51). 

13. The non-contact IC card according to claim 1, 
wherein said conductive layer (52, 57) forms a plu- 30 
rality of coils. 

14. (Added) The non-contact IC card according to 
claim 5, wherein said imaginary diagonal line con- 
necting said first corner (31 g) and said second cor- 3s 
ner (31 e) and a direction in which said coils extend 
are orthogonal to each other. 
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